ABSTRACT: Since the use of air abrasion has grown in pediatric dentistry, the aim of this study was to evaluate, by means of shear bond strength testing, the need to use the total etching technique or self-etching primers on dentin of primary teeth after air abrasion. Twenty-five exfoliated primary molars had their occlusal dentin exposed by trimming and polishing. Specimens were treated by: Air abrasion + Scotchbond MultiPurpose adhesive (G1); 37% phosphoric acid + Scotchbond MP adhesive (G2); Clearfil SE (G3); Air abrasion + 37% phosphoric acid + Scotchbond MP adhesive (G4); Air abrasion + Clearfil SE (G5). On the treated surface, a cylinder of 2 mm by 6 mm was made using a composite resin (Z100). Duncan's test showed that: (G2 = G3 = G5) > (G1 = G4). The use of a selfetching primer on air abraded dentin is recommended to obtain higher bond strengths. DESCRIPTORS: Air abrasion, dental; Tooth, deciduous; Dentin; Dentin-bonding agents; Acid etching, dental.
INTRODUCTION
The use of conservative cavity design has been made possible due to advances in techniques and restorative materials resulting in adhesive restorations. An effective way to improve bond strength was obtained with the use of the 85% phosphoric acid technique suggested by Buonocore 3 in 1955.
Years latter, the acid concentration was reduced, and many studies were developed to create bonding agents that could increase the interaction between dentin and restorative materials. To promote satisfactory adhesion, superficial smear layer must be removed and subjacent dentin must be slightly demineralized 16 . Although acid conditioning can remove the smear layer and dentine mineral, which increases the bond strength, it may cause collagen fiber destabilization, diminishing bond strength when incorrectly used.
In pediatric dentistry, the use of air abrasion in caries lesions has increased. Some studies suggest the use of air abrasion as a possible way to substitute acid etching and also to increase adhesion of restorative materials because this technique is based on high speed aluminum oxide im-pact against teeth to remove mineral structure 7, 15 . Some advantages of air abrasion over the rotary system are the reduction in or elimination of pain, vibration, pressure, heating and noise 1, 8, 13 . Some studies have suggested the use of air abrasion to obtain composite retention 11 . In SEM analysis, the same authors observed that the enamel surface roughness was high, and Goldstein, Parkins 7 (1994) suggested the use of air abrasion to prepare enamel and dentin with similar adhesive force when compared with that promoted by acid etching.
Some authors have stated that air abrasion does not eliminate the need for acid etching, and that they could observe an increase in forces when both techniques were associated 2, 25 . According to Hannig, Femerling 10 (1998) , adhesive systems need to be applied after air abrasion for best adhesion and dentin gap reduction.
This study aimed to evaluate the need to use the total etching technique or self-etching primers on primary teeth dentin after air abrasion.
MATERIALS AND METHODS
This study was approved by the Human Research Ethics Committee, School of Dentistry of Araraquara, São Paulo State University. Twentyfive caries-free primary molars were collected after exfoliation and maintained under refrigeration in 1% thymol solution (J. T. Baker, Phillipsburg, New Jersey, USA) for one month. The teeth had their root and occlusal surfaces removed perpendicularly to the long axis by means of a precision trimmer machine under water irrigation (ISOMET 1000, Buehler Lux Ltd., Illinois, USA).
Samples were embedded in chemically activated acrylic resin (OrtoClass, Artigos Odontológicos Clássico, Campo Limpo Paulista, SP, Brazil) inside PVC cylinders (Tigre, Joinville, Santa Catarina, Brazil). Complete and uniform dentin exposure was created using abrasive paper #1200 (Norton, Guarulhos, São Paulo, Brazil) for polishing under 600 rpm using water refrigeration (Metaserv 2000, Buehler Lux Ltd., Illinois, USA), followed by pumice stone (Brainerd, Oklahoma, USA) and water prophylaxis. The composition and manufacturers of the adhesive systems are listed in Table 1 . Teeth were randomly assigned to five test groups, as described in Table 2 .
The air abrasion system was held by a fixed apparatus to avoid movements, and four millimeters were left between the tip of the equipment and the dentin surface.
After dentin treatment, as seen in Tables 2  and 3 , teeth were adapted to a bipartite metallic matrix (Senai, Araraquara, São Paulo, Brazil) in order to obtain cylindrical composite specimens with 2 mm in diameter and 6 mm in height. The matrix was filled with resin composite in three increments and light cured for 40 seconds for each layer. Specimens were positioned in a testing machine with a blunt edge probe (MTS 810, MTS Co., Eden Prairie, MN, USA) for shear bond strength determination at 0.5 mm/min crosshead speed.
RESULTS
The analysis of variance showed that the five treatments produced distinct effects (p = 0.0002). After Duncan's test, no differences were found between groups 1 and 4, and groups 2, 3 and 5, but the last three had significantly better results than the first two. Table 4 shows the mean scores obtained in shear bond testing and Duncan's test results.
DISCUSSION
Interaction of factors just like resin tags, adhesive lateral branches, hybrid layer formation and collagen resistance are essential mechanisms to increase composite bonding to dental structures. These micromechanical principles are achieved using different techniques such as acid decalcification, air abrasion and the use of adhesive systems 6, 9, 22 . Dentin surface must be prepared for adhesive systems' penetration and impregnation in periand intertubular dentin and flow through tubules and their lateral ramifications 6 . The flow of the adhesive through dentin tubules is determined by the amount of BIS-GMA present in its formula 22 . Resin tags and hybrid layer formation depend on the adhesive system used, orientation of tubules, dentin surface characteristics, presence and density of tubular ramifications and other in vivo conditions. Also, dentin depth in relation to the pulp determines tubular density and intertubular dentin mineral amount 26 . Self-etching adhesives penetrate through the smear layer, not removing it completely, fixing smear plugs at the entrance of the tubules 22 . Hybrid layer and resin tags formed with self-etching primers are morphologically comparable in vivo and in vitro when the substrate is kept humid, showing bond strengths similar to the total-etching technique 6 . This data was confirmed in our study, since the groups in which the self-etching primer (G3 and G5) was used had higher adhesive strength.
After comparing the conditioning pattern that resulted from the use of phosphoric acid and aluminum oxide spray on bovine tooth, some authors found that the first one produced regular demineralization (± 6 µm), while the abraded group presented a rough and irregular surface with peak differences between 4 and 15 µm 4 . These authors recommended the use of air abrasion because it was able to increase the surface area and probably produce longer tags. On the other hand, air abrasion removes organic and inorganic matrices, causing irreversible tooth structure loss 20 . Olsen et al. 20 (1997) suggested acid conditioning as an effective way to obtain higher bond strength, because in this process only inorganic components are taken away and collagen fibrils become exposed for micromechanical support.
Air abrasion did not produce adequate adhesive force and its association with acid conditioning led to a reduction in bond strength. These results are not in accordance with some previously published studies 5, 12, 14 , which reported no difference between the use of adhesive techniques on abraded dentin with or without acid conditioning, and good results using both techniques. In these studies, the good performance of air abrasion is attributed to an increase in tooth surface roughness when it is applied; thus, the use of adhesive systems is not necessary because the surface is retentive.
Nakabayashi, Saimi 17 (1996) stated that the increase in smear layer amount during structure preparation reduced adhesive system effectiveness. Air abrasion shows low smear layer formation when compared to diamond burs 10 , thus adhesive systems' penetration would be more effective on air abraded surfaces and the hybrid layer formation would be improved. They also suggested that the good results for air abrasion and adhesive system association were due to the enlargement of the area caused by the impact of aluminum oxide particles and the higher dentin roughness. Both facts could reduce interfacial gap formation between composite and dentin. This study showed that the use of 37% phosphoric acid prior to the application of Scotchbond MP plus on abraded dentin generates low bonding strength. This can be explained by the acid action on abraded dentin that contains reduced smear layer amount 10 . Considering critical the mineral content in primary teeth 24 , and consequently in smear layer, the demineralization caused by this acid was excessive. Possibly, two things could have happened: the collagen collapse and the calcium phosphate crystal deposition on dental surface, both disturbing adhesive systems' penetration 21, 22 . Some authors suggested that acid conditioning on primary teeth for excessive time could create fragile areas in the base of the hybrid layer 18 . These factors could explain the low bond strengths found in group 4.
Primary teeth show lower bond strength when compared with permanent dentition due to the reduced inter-and peritubular dentin amount they present 24 . In deciduous teeth, acid conditioning removes solid dentin used for adhesion.
The use of self-etching primers in this study showed high bond strength in comparison with the groups in which phosphoric acid was used. This result must be related to the weak acid present in the composition of self-etching primers, which might have conserved the collagen fibers. Milia et al. 16 (1999) concluded that the use of self-etching systems prevented morphological alterations in substrate and caused less interference in the bonding process. They also said that the totaletching technique could lead to the collapse and rupture of collagen fibers when dry air was used.
Self-etching primers show uniform dental substrate demineralization and at the same time the primer penetrates into dentin avoiding collagen rupture. These two processes occurring together could result in more adhesive lateral branches, which increase bond strength 19 . Just like in this study, Perdigão et al. 22 (1997) found results showing bond strengths similar between the groups treated with 37% phosphoric acid associated with Scotchbond adhesive or selfetching primer on dentin that had not been submitted to air abrasion. However, no statistically significant differences were found in this study to justify phosphoric acid conditioning after air abrasion 23 .
CONCLUSION
It was concluded that on air abraded dentin surfaces of primary teeth, in order to obtain higher bond strength, the use of self-etching primers is recommended instead of the total etching technique, in which acid and primer are used separately.
